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Foreword

The Software Engineering Laboratory (SEL) is an organization sponsored by the National
Aeronautics and Space Administration/Goddard Space Flight Center (NASA/GSFC) and
created to investigate the effectiveness of software engineering technologies when applied to
the development of applications software. The SEL was created in 1976 and has three
primary organizational members:

NASA/GSFC, Software Engineering Branch
University of Maryland, Department of Computer Science
Computer Sciences Corporation, Software Engineering Operation

The goals of the SEL are (1) to understand the software development process in the GSFC
environment; (2) to measure the effect of various methodologies, tools, and models on this
process; and (3) to identify and then to apply successful development practices. The
activities, findings, and recommendations of the SEL are recorded in the Software
Engineering Laboratory Series, a continuing series of reports that includes this document.

The major contributors to this document are

David Kistler (Computer Sciences Corporation)
John Bristow (NASA/GSFC)
Don Smith (NASA/GSFC)

Single copies of this document can be obtained by writing to

Software Engineering Branch
Code 552

Goddard Space Flight Center
Greenbelt, Maryland 20771
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Abstract

This document is an annotated bibliography of technical papers, documents, and
memorandums produced by or related to the Software Engineering Laboratory. Nearly
200 publications are summarized. These publications cover many areas of software
engineering and range from research reports to software documentation.

This document has been updated and reorganized substantially since the original version
(SEL-82-006, November 1982). All materials have been grouped into eight general subject
areas for easy reference:

®  The Software Engineering Laboratory

®  The Software Engineering Laboratory: Software Development Documents
e  Software Tools

®  Software Models

®  Software Measurement

¢  Technology Evaluations

e  Ada Technology

e  Data Collection

This document contains an index of these publications classified by individual author.
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Section 1—Introduction

This document is an annotated bibliography of technical papers, documents, articles, and
memoranda produced by or related to the Software Engineering Laboratory (SEL). It is
intended to provide a quick reference to the published results of SEL research and develop-
ment activities.

More than 100 publications are summarized in this document. Each summary includes the
size of the publication (number of pages), a description (abstract) of its contents, and its
original citation. Previous versions and subsequent reprintings are also identified where
appropriate.

The publications described here cover many aspects of software engineering and range from
research reports to software documentation. They are divided into eight general subject
areas:

®  The Software Engineering Laboratory
®  The Software Engineering Laboratory: Software Development Documents
e  Software Tools
e  Software Models
®  Software Measurement
e  Technology Evaluations
®  Ada Technology
®  Data Collection
Appendix A contains a list of references that are no longer available.

An index is included at the end of this document to assist in identifying materials by author.
Publications, with their corresponding section numbers, are alphabetized in order of the last
names of individual authors.

Copies of individual publications listed in this bibliography can be obtained from one or
more of the sources shown in Table 1-1. The acronyms defined in the table appear after each
abstract and indicate the document’s availability. Any material not labeled with one of these
acronyms can be obtained only from the author(s).
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Table 1-1. Availabllity of SEL Literature

Acronym Source Address
SEB Software Engineering Branch Code 552
Goddard Space Flight Center
Greenbelt, MD 20771
CASI NASA Center for Aerospace Information! | P.O. Box 8757
(and source above) . | BWI Airport, MD
21240
NTIS National Technological Information 5285 Port Royal Road
Service? (and sources above) Springfield, VA 22161
JAO Journals and other private publishers See specific citation

1 Open to Federal Government agencies only at no charge.
2 There is a per-page charge for reprinting documents.
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Section 2—The Software Engineering Laboratory

2.1 - Collected Software Engineering Papers: Volume I, SEL-82-004,
July 1982, 118 pages

This document is a collection of technical papers prepared by SEL participants during the
5-year period ending December 31, 1981. The 10 papers are organized into 4 major topics
and each paper’s section number within this Annotated Bibliography is provided for further
reference. NTIS

Technical Paper Section
THE SEL ORGANIZATION
“The Software Engineering Laboratory: Objectives,” V. R. Basili and 231
M. V. Zelkowitz
“Operation of the Software Engineering Laboratory,” V. R. Basili and 232
M. V. Zelkowitz
RESOURCE MODELS
“Resource Estimation for Medium-Scale Software Projects,” 5.2
M. V. Zelkowitz
“A Meta-Model for Software Development Resource Expenditures,” 5.8
J. W. Bailey and V. R. Basili
“Can the Parr Curve Help With Manpower Distribution and Resource 59
Estimation Problems?” V. R. Basili and J. Beane
SOFTWARE MEASURES
“Measuring Software Development Characteristics in the Local 6.3
Environment,” V. R. Basili and M. V. Zelkowitz
“Programming Measurement and Estimation in the Software Engineering 6.5

Laboratory,” V. R. Basili and K. Freburger

“Evaluating and Comparing Software Metrics in the Software Engineering 6.6
Laboratory,” V. R. Basili and T. Phillips

SOFTWARE ENGINEERING APPLICATIONS

“Models and Metrics for Software Management and Engineering,” 5.5
V. R. Basili

“Use of Cluster Analysis to Evaluate Software Engineering Methodologies,” 7.4
E. Chén and M. V. Zelkowitz
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2.2 Collected Software Engineering Papers: Volume II, SEL-83-003,

November 1983, 100 pages

This document is a collection of technical papers prepared by SEL participants from Janu-
ary 1, 1982, through November 30, 1983. The nine papers are organized into four major
topics and each paper’s section number within this Annotated Bibliography is provided for

further reference. NTIS
Technical Paper
THE SOFTWARE ENGINEERING LABORATORY

“Measuring Software Technology,” W. W. Agresti, F. E. McGarry,
D. N. Card, et al.

“Technical Summary 1982: Report to the National Aeronautics and
Space Administration,” V. R. Basili

RESOURCE MODELS

“Comparison of Regression Modeling Techniques for Resource Estimation,”
D. N. Card

“Early Estimation of Resource Expenditures and Program Size,”
D. N. Card

SOFTWARE MEASURES

“Metric Analysis and Data Validation Across FORTRAN Projects,”
V. R. Basili, R. W. Selby, and T. Phillips

“Monitoring Software Development Through Dynamic Variables,”
C. W. Doerflinger and V. R. Basili

“Software Errors and Complexity: An Empirical Investigation,”
V. R. Basili and B. T. Perricone

DATA COLLECTION

A Methodology for Collecting Valid Software Engineering Data,
V. R. Basili and D. M. Weiss

“Data Collection and Evaluation for Experimental Computer Research Data,”
M. V. Zelkowitz
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2.3  Collected Software Engineering Papers: Volume III, SEL-85-003,
November 1985, 132 pages

This document is a collection of technical papers prepared by SEL participants from Novem-
ber 30, 1983, through November 1, 1985. The 12 papers are organized into 3 major topics
and each paper’s section number within this Annotated Bibliography is provided for further
reference. NTIS

Technical Paper Section
THE SOFTWARE ENGINEERING LABORATORY
“A Software Technology Evaluation Program,” D. N. Card 7.14
“A Methodology for Collecting Valid Software Engineering Data,” 9.6
V. R. Basili and D. M. Weiss
TECHNOLOGY EVALUATION
“Quantitative Evaluation of Software Methodology,” V. R. Basili 7.13
“Four Applications of a Software Data Collection and Analysis 7.12
Methodology,” V. R. Basili and R. W. Selby, Jr.
“Measuring the Impact of Computer Resource Quality on the Software 7.8
Development Process and Product,” F. E. McGarry, J. Valett, and D. Hall
“Analyzing the Test Process Using Structural Coverage,” 7.7
J. Ramsey and V. R. Basili
“A Practical Experience With Independent Verification and Validation,” 7.6
G. Page, F. E. McGarry, and D. N. Card
“ARROWSMITH-P—A Prototype Expert System for Software 7.22
Engineering Management,” V. R. Basili and C. L. Ramsey
SOFTWARE MEASUREMENT
“Finding Relationships Between Effort and Other Variables in the SEL,” 5.15
V. R. Basili and N. M. Panlilio-Yap
“Calculation and Use of an Environment’s Characteristic Software 6.17
Metric Set,” V. R. Basili and R. W. Selby, Jr.
“Criteria for Software Modularization,” D. N. Card, G. T. Page, and 6.16
F. E. McGarry
“Evaluating Software Development by Analysis of Changes: Some Data 6.18

From the Software Engineering Laboratory,” D. M. Weiss and V. R. Basili
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24  Collected Software Engineering Papers: Volume IV, SEL-86-004,
November 1986, 108 pages

This document is a collection of technical papers prepared by SEL participants from Novem-
ber 1, 1985, through September 30, 1986. The six papers are organized into three major
topics and each paper’s section number within this Annotated Bibliography is provided for
further reference. NTIS

Technical Paper Section
THE SOFTWARE ENGINEERING LABORATORY

“Experimentation in Software Engineering,” V. R. Basili, 5.16
R. W. Selby, Jr., and D. H. Hutchens

“An Approach for Assessing Software Prototypes,” V. E. Church, 7.16
D. N. Card, W. W. Agresti, and Q. L. Jordan

“Towards a General Object-Oriented Software Development 8.3
Methodology,” E. Seidewitz and M. Stark

TECHNOLOGY EVALUATION

“An Empirical Study of Software Design Practices,” D. N. Card, 7.15
V. E. Church, and W, W. Agresti

“Designing with Ada for Satellite Simulation: A Case Study,” 8.2
W. W. Agresti, V. E. Church, D. N. Card, and P. L. Lo

SOFTWARE MEASUREMENT

A Study on Fault Prediction and Reliability Assessment in the 5.17

SEL Environment, V. R. Basili and D. Patnaik
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2.5 Collected Software Engineering Papers: Volume V, SEL-87-009,
November 1987, 284 pages

This document is a collection of technical papers prepared by SEL participants from Septem-
ber 1, 1986, through January 1, 1988. The 16 papers are organized into 3 major topics and
each paper’s section number within this Annotated Bibliography is provided for further
reference. NTIS

Technical Paper Section
SOFTWARE MEASUREMENT AND TECHNOLOGY STUDIES

“A Summary of Software Measurement Experiences in the Software 6.28
Engineering Laboratory,” J. D. Valett and F. E. McGarry

“Evaluating Software Engineering Technologies,” D. N. Card, 7.19
F. E. McGarry, and G. T. Page

“Resolving the Software Science Anomaly,” D. N. Card and W. W. Agresti 5.18

“A Controlled Experiment on the Impact of Software Structure on 6.20
Maintainability,” H. D. Rombach

“An Evaluation of Expert Systems for Software Engineering 7.17
Management,” C. L. Ramsey and V. R. Basili

“Comparing the Effectiveness of Software Testing Strategies,” 7.21
V. R. Basili and R. W. Selby

MEASUREMENT ENVIRONMENT STUDIES

“Tailoring the Software Process to Project Goals and Environments,” 5.19
V. R. Basili and H. D. Rombach

“TAME: Tailoring an Ada™ Measurement Environment,” V. R. Basili 8.7
and H. D. Rombach

“TAME: Integrating Measurement Into Software Environments,” 6.21
V. R. Basili and H. D. Rombach

A Meta Information Base for Software Engineering, L. Mark 5.21
and H. D. Rombach

Characterizing Resource Data: A Model for Logical Association of 5.24
Software Data, D. R. Jeffery and V. R. Basili

ADA TECHNOLOGY STUDIES

“Measuring Ada for Software Development in the Software 8.13

Engineering Laboratory (SEL),” . E. McGarry and W. W. Agresti
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“General Object-Oriented Software Development: Background
and Experience,” E. Seidewitz

“Towards a General Object-Oriented Ada Lifecycle,” M. Stark
and E. Seidewitz

“A Structure Coverage Tool for Ada™ Software Systems,”
L. Wu, V. R. Basili, and K. Reed

“Lessons Learned in Use of Ada™ -Oriented Design Methods,”
C. E. Brophy, W. W. Agresti, and V. R. Basili
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2.6  Collected Software Engineering Papers: Volume VI, SEL-88-002,
November 1988, 153 pages

This document is a collection of technical papers prepared by SEL participants from June 1,
1987, through January 1, 1989. The 12 papers are organized into 3 major topics and each
paper’s section number within this Annotated Bibliography is provided for further refer-
ence. NTIS

Technical Paper Section
SOFTWARE MEASUREMENT AND TECHNOLOGY STUDIES

“The Effectiveness of Software Prototyping: A Case Study,” 7.18
M. V. Zelkowitz

“Measuring Software Design Complexity,” D. N. Card and W. W. Agresti 6.25
“Quantitative Assessment of Maintenance: An Industrial Case Study,” 7.20

H. D. Rombach and V. R. Basili
“Resource Utilization During Software Development,” M. V. Zelkowitz 6.22
MEASUREMENT ENVIRONMENT STUDIES

“Generating Customized Software Engineering Information Bases from 5.22
Software Process and Product Specifications,” L. Mark and H. D. Rombach

“Software Process and Product Specifications: A Basis for Generating 5.23
Customized SE Information Bases,” H. D. Rombach and L. Mark

“The TAME Project: Towards Improvement-Oriented Software 6.24
Environments,” V. R. Basili and H. D. Rombach

“Validating the TAME Resource Data Model,” D. R. Jeffery and V.R. Basili = 6.23
ADA TECHNOLOGY STUDIES

“Experiences in the Implementation of a Large Ada Project,” 8.17
S. Godfrey and C. Brophy

“General Object-Oriented Software Development with Ada: A Life 8.16
Cycle Approach,” E. Seidewitz

“Lessons Learned in the Implementation Phase of a Large Ada Project,” 8.15
C. E. Brophy, S. Godfrey, W. W. Agresti, and V. R. Basili

“Object-Oriented Programming in Smalltalk and Ada,” E. Seidewitz 8.12
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2.7  Collected Software Engineering Papers: Volume VII, SEL-89-006,
November 1989, 157 pages

This document is a collection of technical papers prepared by SEL participants from Decem-
ber 1988 through October 1989. The seven papers are organized into three major topics and
each paper’s section number within this Annotated Bibliography is provided for further
reference. NTIS

Technical Paper Section
SOFTWARE MEASUREMENT AND TECHNOLOGY STUDIES

Establishing a Measurement Based Maintenance Improvement 6.29
Program: Lessons Learned in the SEL, H. Rombach and B. Ulery

Maintenance = Reuse-Oriented Sofiware Development, V. Basili 5.26
Software Development: A Paradigm for the Future, V. Basili 5.27
MEASUREMENT ENVIRONMENT STUDIES

Integrating Automated Support for a Software Management Cycle 6.30
into the TAME System, T. Sunazuka and V. Basili

Towards A Comprehensive Framework for Reuse: A Reuse-Enabling 5.25
Software Evolution Environment, V. Basili and H. Rombach

ADA TECHNOLOGY STUDIES

“Evolution of Ada Technology in a Production Software 8.22

Environment,” F. McGarry, L. Esker, and K. Quimby
“Using Ada to Maximize Verbatim Software Reuse,” M. Stark and E. Booth 8.23
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2.8 Collected Software Engineering Papers: Volume VIII, SEL-90-005,

November 1990, 125 pages

This document is a collection of technical papers prepared by SEL participants from Novem-
ber 1989 through October 1990. The seven papers are organized into four major topics and
each paper’s section number within this Annotated Bibliography is provided for further

reference. NTIS
Technical Paper
SOFTWARE MEASUREMENT STUDIES
“Design Measurement: Some Lessons Learned,” H. Rombach
SOFTWARE MODELS STUDIES

Towards a Comprehensive Framework for Reuse: Model-Based
Reuse Characterization Schemes, V. Basili and H. Rombach

“Viewing Maintenance as Reuse-Oriented Software Development,”
V. Basili

SOFTWARE TOOLS STUDIES

“Evolution Towards Specifications Environment: Experience with
Syntax Editors,” M. Zelkowitz

ADA TECHNOLOGY STUDIES
“On Designing Parametrized Systems using Ada,” M. Stark

“PUC: A Functional Specification Language for Ada,” P. Straub and
M. Zelkowitz

“Software Reclamation: Improving Post-Development Reusability,”
J. Bailey and V. Basili

1022384L 2-9
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2.9 Collected Software Engineering Papers: Volume IX, SEL-91-005,
November 1991, 199 pages

This document is a collection of technical papers prepared by SEL participants from Novem-
ber 1990 through November 1991. The eight papers are organized into three major topics and
each paper’s section number within this Annotated Bibliography is provided for further
reference. NTIS

Technical Paper Section
SOFTWARE MODELS STUDIES
“Software Reuse: A Key to the Maintenance Problem,” H. D. Rombach 5.30
Support for Comprehensive Reuse, V. R. Basili and H. D. Rombach 5.31
A Reference Architecture for the Component Factory, V. R. Basili 5.32
and G. Caldiera
A Pattern Recognition Approach for Software Engineering Data 5.33

Analysis, L. C. Briand, V. R. Basili, and W. M. Thomas
SOFTWARE MEASUREMENT STUDIES

“Paradigms for Experimentation and Empirical Studies in Software 6.33
Engineering,” V. R. Basili and R. W. Selby

ADA TECHNOLOGY STUDIES

“Object-Oriented Programming Through Type Extension in Ada 9X,” 8.32
E. Seidewitz

“An Object-Oriented Approach to Parameterized Software in Ada,” 8.33
E. Seidewitz and M. Stark

“Designing Configurable Software: COMPASS Implementation 8.35

Concepts,” E. W. Booth and M. E. Stark
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2.10 Collected Software Engineering Papers: Volume X, SEL-92-003,
November 1992, 164 pages

This document is a collection of technical papers prepared by SEL participants from October
1991 through November 1992. The 11 papers are organized into 5 major topics and each
paper’s section number within this Annotated Bibliography is provided for further reference.
NTIS

Technical Paper Section
THE SOFTWARE ENGINEERING LABORATORY
“The Software Engineering Laboratory—An Operational Software 2.36
Experience Factory,” V. Basili, G. Caldiera, F. McGarry, et al.
SOFTWARE TOOLS STUDIES
“Towards Automated Support for Extraction of Reusable Components,” 4.5
S. K. Abd-El-Hafiz, V. R. Basili, and G. Caldiera
“Automated Support for Experience-Based Software Management,” 4.7
J. D. Valett
SOFTWARE MODELS STUDIES
“The Software-Cycle Model for Re-Engineering and Reuse,” 5.35
J. W. Bailey and V. R. Basili
“On the Nature of Bias and Defects in the Software Specification 5.36
Process,” P. A. Straub and M. V. Zelkowitz
“An Improved Classification Tree Analysis of High Cost Modules 5.37

Based Upon an Axiomatic Definition of Complexity,” J. Tian, A. Porter,
and M. V. Zelkowitz

“Providing an Empirical Basis for Optimizing the Verification and 5.38
Testing Phases of Software Development,” L. C. Briand, V. R. Basili,
and C. J. Hetmanski

“A Classification Procedure for the Effective Management of Changes 5.39
During the Maintenance Process,” L. C. Briand and V. R. Basili

SOFTWARE MEASUREMENT STUDIES

“Toward Full Life Cycle Control: Adding Maintenance Measurement 6.34
to the SEL,” H. D. Rombach, B. T. Ulery, and J. D. Valett

ADA TECHNOLOGY STUDIES

“Object-Oriented Programming with Mixins in Ada,” E. Seidewitz 8.36
“Software Engineering Laboratory Ada Performance Study—Results 8.37

and Implications,” E. W. Booth and M. E. Stark
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2.11 Collected Software Engineering Papers: Volume X1, SEL-93-001,
November 1993, 99 pages

This document is a collection of technical papers prepared by SEL participants from
November 1992 through November 1993. The five papers are organized into three major
topics and each paper’s section number within this Annotated Bibliography is provided for
further reference. NTIS

Technical Paper Section
SOFTWARE MODELS STUDIES
“Developing Interpretable Models with Optimized Set Reduction 5.40

for Identifying High Risk Software Components,” L. C. Briand,
V. R. Basili, and C. J. Hetmanski

“Modeling and Managing Risk Early in Software Development,” 5.41
L. C. Briand, W. M. Thomas, and C. J. Hetmanski

“An Information Model for Use in Software Management 5.42
Estimation and Prediction,” N. R. Li and M. V. Zelkowitz

SOFTWARE MEASUREMENT STUDIES

“Measuring and Assessing Maintainability at the End of High 6.35
Level Design,” L. C. Briand, S. Morasca, and V. R. Basili

TECHNOLOGY EVALUATION STUDIES

“Impacts of Object-Oriented Technologies: Seven Years of SEL 7.25
Studies,” M. Stark
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2.12 Collected Software Engineering Papers: Volume XII, SEL-94-004,
November 1994, 100 pages

This document is a collection of technical papers prepared by SEL participants from Novem-
ber 1993 through November 1994. The five papers are organized into three major topics and
each paper’s section number within this Annotated Bibliography is provided for further
reference. NTIS

Technical Paper Section
SOFTWARE MEASUREMENT
Defining and Validating High-Level Design Metrics, L. Briand, 6.37
S. Morasca, and V. Basili
A Change Analysis Process to Characterize Software Maintenance 6.38
Projects, L. Briand, V. Basili, Y. Kim, and D. Squier
TECHNOLOGY EVALUATIONS
Comparing Detection Methods for Software Requirements 7.26
Inspections: A Replicated Experiment, A. Porter, L. Votta Jr., and
V. Basili
“Software Process Evolution at the SEL,” V. Basili and S. Green 7.27
ADA TECHNOLOGY
Genericity versus Inheritance Reconsidered: Self-Reference Using 8.39

Generics, E. Seidewitz

1022384L 2-13



2.13 Proceedings from the First Summer Software Engineering
Workshop, SEL-76-001, August 1976, 194 pages

This document reproduces the presentations made by participants at the First Summer
Software Engineering Workshop held on August 5, 1976, at GSFC. The general topic of the
conference was software design. Also, available state-of-the-art software development tech-
niques were surveyed and their applicability to the GSFC environment was considered. The
presentations were grouped into the following panels:

®  Requirements analysis and design methodologies
®  Program design languages
e  Automated software tools
Papers related to the SEL are
® V. Basili (University of Maryland), “Program Design Languages”
e E. Damon (NASA/GSFC), “DOMONIC As a Design and Management Tool”
® M. V. Zelkowitz (University of Maryland), “Automated Tools”
NTIS

2.14 Proceedings from the Second Summer Software Engineering
_ Workshop, SEL-77-002, September 1977, 146 pages

This document reproduces the presentations made by participants at the Second Summer
Software Engineering Workshop held on September 19, 1977, at GSFC. This second work-
shop attempted to communicate with the larger software engineering research community.
Approaches and experiences with the design of experiments and data collection were re-
viewed. The presentations were grouped into the following panels:

e  Experimental design

®  Models, measures, and metrics

®  Data collection

®  Software engineering expéricnocs

The only paper related to the SEL is V. R. Basili and M. V. Zelkowitz (University of
Maryland), “Overview of the Software Engineering Laboratory.” NTIS

1022384L 2-14



2.15 Proceedings from the Third Summer Software Engineering
Workshop, SEL-78-005, September 1978, 132 pages

This document reproduces the presentations made by participants at the Third Summer
Software Engineering Workshop held on September 18, 1978, at GSFC. Many of the
discussions at this third workshop dealt with how one collects software data and how one
conducts successful software experiments. The presentations were grouped into the follow-
ing panels:

¢  The Data collection process
e  Validation of software development models
®  Measuring software development methodologies
e  Current activities and future directions
Papers related to the SEL are

®  R.W.Reiter, Jr. (University of Maryland), “Investigating Software Development
Approaches: A Synopsis”

®  V.R.Basili and M. V. Zelkowitz (University of Maryland), “The Software Engi-
neering Laboratory—1978"

NTIS
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2.16 Proceedings from the Fourth Summer Software Engineering
Workshop, SEL-79-00S, November 1979, 282 pages

This document reproduces the presentations made by participants at the Fourth Summer
Software Engineering Workshop held on November 19, 1979, at GSFC. This fourth work-
shop focused on actual experiences of data collection and the application of software meth-
odologies, models, and tools. The presentations were grouped into the following panels:

e The SEL

e  Data collection

e  Experiments in methodology evaluation
®  Software resource models

®  Models and metrics of software development

Papers related to the SEL are
¢ F McGarry (NASA/GSFC), “Overview of the Software Engineering
Laboratory™
e V. E. Church (CSC), “Software Engineering Laboratory—The Data Collection
Process”

® M. V. Zelkowitz and E. Chen (University of Maryland), “Software Engineering
Laboratory: Data Validation”

e V.R. Basili (University of Maryland), “Investigations Into Software Develop-
ment in the Software Engineering Laboratory”

e P.C. Belford, R. A. Berg (CSC), and T. L. Hannan (FAA), “Central Flow Control
Software Development: A Case Study of the Effectiveness of Software Engineer-
ing Techniques”

NTIS

1022384L 2-16



2.17 Proceedings from the Fifth Annual Software Engineering
Workshop, SEL-80-006, November 1980, 242 pages

This document reproduces the presentations made by participants at the Fifth Annual Soft-
ware Engineering Workshop held on November 24, 1980, at GSFC. This fifth workshop
focused on actual experiences with the application of software methodologies and models.
The presentations were grouped into the following panels:

e The SEL
e  Software cost/resource modeling
e  Software reliability
e  Measurement of the development process
Papers related to the SEL are
e  F McGarry (NASA/GSFC), “An Approach To Measuring Software Technology”

o  J. Page (CSC), “Impacts of Experiments and Software Technology Changes in a
Production Environment”

e V. Basili and J. Bailey (University of Maryland), “Measuring the Effects of Spe-
cific Software Methodologies Within the SEL”

NTIS
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2.18 Proceedings of the Sixth Annual Software Engineering Workshop,
SEL-81-013, December 1981, 282 pages

This document reproduces the presentations made by participants at the Sixth Annual
Software Engineering Workshop held on December 2, 1981, at GSFC. This sixth workshop
was an attempt to gather the experiences of software developers in applying modern pro-
gramming practices and other software engineering techniques. The document also includes
a summary of the presentations and audience comments. The presentations were grouped
into the following panels:

e  Evaluating software development characteristics
®  Software metrics
e  Software models
e  Software methodologies
Papers related to the SEL are

e J. Page (CSC), “Methodology Evaluation: Effects of Independent Verification
and Integration on One Class of Application”

e  V.R.Basili (University of Maryland), “Assessment of Software Measures in the
Software Engineering Laboratory”

e D.N. Card (CSC), “Identification and Evaluation of Software Measures”
NTIS
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2.19 Proceedings of the Seventh Annual Software Engineering
Workshop, SEL-82-007, December 1982, 400 pages

This document reproduces the presentations made by participants at the Seventh Annual
Software Engineering Workshop held on December 1, 1982, at GSFC. The major emphasis
of this seventh workshop was on reporting and discussing actual experiences with software
methodologies, models, and tools. The document also includes a summary of the presenta-
tions and audience remarks. The presentations were grouped into the following panels:

e The SEL

e  Software tools

®  Software errors

®  Software cost estimation
Papers related to the SEL are

e V.R. Basili and B. T. Perricone (University of Maryland), “Software Errors and
Complexity: An Empirical Investigation”

® M. V. Zelkowitz (University of Maryland), “Software Prototyping in the Soft-
ware Engineering Laboratory”

e I Miyamoto (University of Maryland), “User Interface Design of a Software Tool
System as a Technology Transfer Vehicle”

NTIS
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2.20 Proceedings of the Eighth Annual Software Engineering Workshop,
SEL-83-007, November 1983, 316 pages

This document reproduces the presentations made by participants at the Eighth Annual
Software Engineering Workshop held on November 3, 1983 at GSFC. The document also
includes a summary of the presentations and audience remarks. The presentations were

grouped into the following panels:
e The SEL
®  Software testing
®  Human factors in software engineering
e  Software quality assessment
Papers related to the SEL are
® D.N.Card (CSC), F. E. McGarry (GSFC), and G. Page (CSC), “Evaluating Soft-
ware Engineering Technologies in the SEL”
® C. W. Doerflinger and V. R. Basili (University of Maryland), “Monitoring Soft-
ware Development Through Dynamic Variables”
®  J. Sukri and M. V. Zelkowitz (University of Maryland), “Characteristics of a Pro-
totyping Experiment”
¢ J.Ramsey (University of Maryland), “Structural Coverage of Functional Testing”
®  B. Schneiderman, C. Grantham, K. Norman, et al. (University of Maryland),
“Evaluating Multiple Coordinated Windows for Programmer Workstations”
NTIS
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2.21 Proceedings of the Ninth Annual Software Engineering Workshop,
SEL-84-004, November 1984, 349 pages

This document reproduces the presentations made by participants at the Ninth Annual
Software Engineering Workshop held on November 28, 1984, at GSFC. The document also
includes a summary of the presentations and audience remarks. The presentations were
grouped into the following panels:

e The SEL
®  Software error studies
®  Experiments with software development
e  Software tools
Papers related to the SEL are
e  W.W. Agresti (CSC), “An Approach to Developing Specification Measures”

® R. W.Selby, Jr,, V. R. Basili (University of Maryland), J. Page (CSC), and F. E.
McGarry (NASA/GSFC), “Evaluating Software Testing Strategies”

® V.R. Basili et al. (University of Maryland), “Software Development in Ada”
® H.D. Rombach (University of Maryland), “Design Metrics for Maintenance”
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2.22 Proceedings of the Tenth Annual Software Engineering Workshop,
SEL-85-006, December 1985, 360 pages

This document reproduces the presentations made by participants at the Tenth Annual
Software Engineering Workshop held on December 4, 1985, at GSFC. The document also
includes a summary of the presentations and audience remarks. The presentations were
grouped into the following panels:

e  The SEL
e  Tools for software management
®  Software environments
e  Experiments with Ada
Papers related to the SEL are

®  B. Agresti (CSC), “Measuring Ada As a Software Development Technology in
the SEL”

e V. Basili (University of Maryland), “Can We Measure Software Technology; Les-
sons From 8 Years of Trying”

® F E. McGarry (NASA/GSFC), “Recent SEL Studies”

® J. Valett (NASA/GSFC) and A. Raskin (Yale), “DEASEL: An Expert System for
Software Engineering”

NTIS
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2.23 Proceedings of the Eleventh Annual Software Engineering

Workshop, SEL-86-006, December 1986, 308 pages

This document reproduces the presentations made by participants at the Eleventh Annual
Software Engineering Workshop held on December 3, 1987, at GSFC. The document also
includes a summary of the presentations and audience remarks. The presentations were
grouped into the following panels:

e The SEL
®  Empirical studies of software technology
®  Software environments
®  Software testing
Papers related to the SEL are
¢  F McGarry, S. Voltz, and J. Valett (NASA/GSFC), “Determining Software Pro-
ductivity Leverage Factors in the SEL”
¢  V.R Basili and H. D. Rombach (University of Maryland), “TAME: Tailoring A
Measurement Environment”
® M. V.Zelkowitz (University of Maryland), “ Automating the Design Process with
Syntactic-Based Tools”
® W.W. Agresti (CSC), “SEL Ada Experiment: Status and Design Experiences”
NTIS
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2.24 Proceedings of the Twelfth Annual Software Engineering
Workshop, SEL-87-010, December 1987, 479 pages

This document reproduces the presentations made by participants at the Twelfth Annual
Software Engineering Workshop held on December 2, 1987, at GSFC. The document also
includes a summary of the presentations and audience remarks. The presentations were
grouped into the following panels:

e  Studies and experiments with Ada

e  Experiments with environments

®  Case studies

®  Measures of cost and reliability
The only paper related to the SEL is

®  S.Godfrey (NASA/GSFC) and C. Brophy (University of Maryland), “An Experi-
ment in Ada in the Software Engineering Laboratory—Lessons Learned from the
Ada Code/Unit Test Phase”

NTIS

2.25 Proceedings of the Thirteenth Annual Software Engineering
Workshop, SEL-88-004, November 1988, 379 pages

This document reproduces the presentations made by participants at the Thirteenth Annual
Software Engineering Workshop, held on November 30, 1988, at GSFC. The document also
includes a summary of the presentations and audience remarks. The presentations were
grouped into the following panels:

e  Studies and experiments in the SEL
e  Software models
e  Study of software products
e Tools
Papers related to the SEL are

e F McGarry (NASA/GSFC), L. Esker, and K. Quimby (CSC), “Evolving Impact
of Ada on a Production Software Environment”

e  V.R.Basili and H. D. Rombach (University of Maryland), “Towards a Compre-
hensive Framework for Reuse: A Reuse-Enabling Software Evolution Environ-
ment”

e J.D. Valett INASA/GSFC), W. Decker, and J. Buell (CSC), “The Software Man-
agement Environment”
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2.26 Proceedings of the Fourteenth Annual Software Engineering
Workshop, SEL-89-007, November 1989, 390 pages

This document reproduces the presentations made by participants at the Fourteenth Annual
Software Engineering Workshop, held on November 29, 1989, at GSFC. The document also
includes a summary of the presentations and audience remarks. The presentations were
grouped into the following panels:

e  Studies and Experiments in the SEL
e  Methodologies
e  Software Reuse
o  Testing and Error Analysis
Papers related to the SEL are

e  V.R. Basili (University of Maryland), “The Experience Factory: Packaging Soft-
ware Experience”

® F McGarry (NASA/GSFC), S. Waligora, and T. McDermott (CSC), “Experi-
ences in the Software Engineering Laboratory (SEL) Applying Software Mea-
surement”

e  A.Kouchakdjian (University of Maryland), S. Green INASA/GSFC), and V. Ba-
sili (University of Maryland), “Evaluation of the Cleanroom Methodology in the
Software Engineering Laboratory”

e H. D. Rombach and B. T. Ulery (University of Maryland), J. Valett (NASA/
GSFC), “Measurement Based Improvement of Maintenance in the SEL”

NTIS
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2.27 Proceedings of the Fifteenth Annual Software Engineering
Workshop, SEL-90-006, November 1990, 566 pages

This document reproduces the presentations made by participants at the Fifteenth Annual
Software Engineering Workshop, held November 28 and 29, 1990, at GSFC. The document
also includes a summary of the presentations and audience remarks. The presentations were
grouped into the following sessions:

e The SEL at Age 15
®  Process Improvement
®  Measurement
® Reuse
®  Process Assessment
The sessions were followed by two panel discussions:
®  Experiences in Implementing an Effective Measurement Program

®  Software Engineering in the 1980s: Most Significant Achievements/Greatest
Disappointments

Papers related to the SEL are

®  V.R.Basili (University of Maryland), “Towards a Mature Measurement Environ-
ment: Creating a Software Engineering Research Environment”

¢  G.H.Hellerand G. T. Page (CSC), “Impact of a Process Improvement Program in
a Production Software Environment: Are We Any Better?”

® F McGarry and R. Pajerski (NASA/GSFC), “Towards Understanding Soft-
ware—15 Years in the SEL”

e P A.Straub and M. V. Zelkowitz (University of Maryland), “Bias and Design in
Software Specifications”

®  R. Kester (CSC), “SEL Ada Reuse Analysis and Representations”
NTIS
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2.28 Proceedings of the Sixteenth Annual Software Engineering
Workshop, SEL-91-006, December 1991, 364 pages

This document reproduces the presentations made by participants at the Sixteenth Annual
Software Engineering Workshop, held December 4 and 5, 1991, at GSFC. Summaries of
both the session and the panel presentations and transcripts of the panel discussions are
included. The presentations were grouped into the following sessions:

e The SEL
®  Investigating Errors
®  Process Analysis
e  Testing Verification
e Life-Cycle Issues
The sessions were followed by two panel discussions:

¢  AnlInternational Perspective on Software Engineering in the 80’s: Most Signifi-
cant Accomplishments and Greatest Disappointments

®  SEI Process Maturity Model: Use/Misuse
Papers related to the SEL are

®  V.R.Basili and G. Caldiera (University of Maryland), “Methodological and Ar-
chitectural Issues in the Experience Factory”

®  S.E.GreenandR. Pajerski (NASA/GSFC), “Cleanroom Process Evolution in the
SEL”

¢ F McGarry (NASA/GSFC) and S. Waligora (CSC), “Experiments in Software
Engineering Technology”

e A Porter and L. Briand (University of Maryland), “Optimized Set Reduction for
Empirically Guiding Software Development”

1022384L 2-27



2.29 Proceedings of the Seventeenth Annual Software Engineering

Workshop, SEL-92-004, December 1992, 440 pages

This document reproduces the presentations made by participants at the Seventeenth Annual
Software Engineering Workshop, held December 2 and 3, 1992, at GSFC. Summaries of all
session presentations are provided, as well as transcripts of discussions following each
session. Summaries of the panel presentations and discussion are also included. The presen-
tations were grouped into the following sessions:

The SEL

Process Measurement
Reuse

Software Quality
Lessons Learned

The sessions were followed by a panel discussion, “Is Ada Dying?” Papers related to the SEL

are

NTIS

1022384L

F. McGarry (NASA/GSFC), “Experimental Software Engineering: Seventeen
Years of Lessons in the SEL”

V. R. Basili (University of Maryland), “The Experience Factory: Can It Make
You a 57

M. Stark (NASA/GSFC), “Impacts of Object-Oriented Technologies: Seven
Years of SEL Studies”

S. Waligora and J. Langston (CSC), “Maximizing Reuse: Applying Common
Sense and Discipline”

R. D. Pendley, C. H. Noonan, and K. R. Hall (CSC), “Development and Applica-
tion of an Acceptance Testing Model”
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2.30 Proceedings of the Eighteenth Annual Software Engineering

Workshop, SEL-93-003, December 1993, 498 pages

This document reproduces the presentations made at the Eighteenth Annual Software Engi-
neering Workshop held December 1 and 2, 1993, at GSFC. The document also includes a
summary of the presentations and audience remarks. The presentations were grouped into
the following sessions:

e  The Software Engineering Laboratory
®  Measurement
e  Technology Transfer
®  Advanced Concepts
®  Process
e  Software Engineering Issues in NASA
Papers related to the SEL are
e  V.R.Basili (University of Maryland), “The Maturing of the Quality Improvement
Paradigm in the SEL”
e F E.McGarry and K. F. Jeletic INASA/GSFC), “Process Improvement as an In-
vestment: Measuring Its Worth”
® R.Pajerski and D. Smith (NASA/GSFC), “Recent SEL Experiments and Studies”
e A vonMayrhauserand A. Roeseler (Colorado State University), “Assessing Effi-
ciency of Software Production for NASA-SEL Data”
e ].D. Valett (NASA/GSFC) and S. E. Condon (Computer Sciences Corporation),
“The (Mis)use of Subjective Process Measures in Software Engineering”
NTIS
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2.31 “The Software Engineering Laboratory: Objectives,”
V. R. Basili and M. V. Zelkowitz, Proceedings of the Fifteenth
Annual Conference on Computer Personnel Research, August 1977,
14 pages

This technical paper provides an overview of the SEL and its objectives. The original
motivations for establishing the SEL were the high cost of software development and the
subsequent need to optimize the development process. This paper discusses the following
aspects of the SEL with respect to the following motivations:

e  Specific objectives of the SEL

e  Software development factors to be investigated
e  Data collection techniques

e  Early SEL research activities

The importance of defining consistent software development measures is a recurrent theme
throughout the discussion. JAO!

2.32 “Operation of the Software Engineering Laboratory,”
V. R. Basili and M. V. Zelkowitz, Proceedings of the Second
Software Life Cycle Management Workshop, August 1978, 4 pages

This technical paper describes the operation of the SEL. Software engineering data is
regularly collected by the SEL from flight dynamics software development projects at
GSFC. The assembled data support an extensive program of software engineering research.
This report also reviews SEL data collection and data processing activities and their relation-
ship to the research program. It also summarizes some ongoing resource estimation and error
analysis research projects. JAO?

1 This technical paper also appears in SEL-82-004, Collected Software Engineering Papers: Volume I,
July 1982.

2 This technical paper also appears in SEL-82-004, Collected Software Engineering Papers: Volume 1,
July 1982.
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2.33 The Software Engineering Laboratory, SEL-81-104, D. N. Card,
F. E. McGarry, G. Page, et al., February 1982, 121 pages

This document describes the history, organization, operation, and research results of the
SEL. The SEL is a joint effort of GSFC, Computer Sciences Corporation, and the University
of Maryland. The objective of the SEL is to study and improve the software development
process in the GSFC environment. The SEL has conducted extensive research in the follow-
ing areas of software engineering:

e  Methodology evaluation
e  Tool evaluation

®  Resource models

®  Reliability models

®  Software measures

The document outlines SEL efforts in these areas and presents some preliminary conclusions
based on this work. The appendixes include descriptions of the software projects studied and
summary statistics derived from these data. NTIS!

2.34 Glossary of Software Engineering Laboratory Terms, SEL-82-105,
T. A. Babst, M. G. Rohleder, and F. E. McGarry, November 1983,
39 pages

This document is a glossary of terms used in the SEL. A list of acronyms is also included. The
terms are defined within the context of the software development environment for flight
dynamics at GSFC. The purposes of this document are to provide a concise reference for
clarifying the language employed in SEL documents and data collection forms, establish
standard definitions for use by SEL personnel, and explain basic software engineering
concepts. SEB?

1 The previous version of this document was The Softiware Engineering Laboratory, SEL-81-004,
D. N. Card, E E. McGarry, G. Page, et al., September 1981. This document was also issued as

Computer Sciences Corporation document CSC/TM-82/6033.

2 The previous version of this document was Glossary of Software Engineering Laboratory Terms,
SEL-82-005, M. G. Rohleder, December 1982. A version of this document was also issued as
Computer Sciences Corporation document CSC/TM-83/6168.
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2.35 Software Engineering Laboratory (SEL) Data and Information
Policy (Revision 1), SEL-91-102, F. McGarry, August 1991,
24 pages

This document presents the policies and overall procedures that are used in distributing and
in making available products of the SEL. The products include project data and measures,
source code, reports, and software tools. NTIS!

2.36 “The Software Engineering Laboratory—An Operational
Software Experience Factory,” V. Basili, G. Caldiera, F. McGarry,
et al., Proceedings of the Fourteenth International Conference on
Software Engineering (ICSE 92), May 1992, 12 pages

Software engineering technology transfer needs a top-down, experimental, evolutionary
framework to produce models and an experimental laboratory to measure, evaluate, and
refine those models. Currently, three major concepts support this vision: the Quality Im-
provement Paradigm, the Goal/Question/Metric Approach, and the Experience Factory.
This paper discusses these concepts and summarizes the background, goals, and operations
of the SEL and how they relate to these major concepts. It then maps the SEL iterative data
analysis process to the experience factory functions, and concludes that the SEL is a func-
tioning example of an operational software experience factory. Some lessons learned from
15 years of SEL operations, major benefits derived from the SEL’s measurement program,
and implications for development organizations outside the flight dynamics environment are
included. JAO?

1 The previous version of this document was Software Engineering Laboratory (SEL) Data and In-
formation Policy, SEL-91-002, F. McGarry, April 1991.

2 This technical paper also appears in SEL-92-003, Collected Software Engineering Papers: Volume X,
November 1992,
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Section 3—The Software Engineering Laboratory:
Software Development Documents

3.1 Recommended Approach to Software Development (Revision 3),
SEL-81-305, L. Landis, S. Waligora, F. McGarry, et al.,
June 1992, 226 pages

This document presents guidelines for an organized, disciplined approach to software devel-
opment that is based on studies conducted by the SEL since 1976. It describes methods and
practices for each phase of a software development life cycle that starts with requirements
definition and ends with acceptance testing. For each defined life cycle phase, this document
presents guidelines for the development process and its management, and for the products
produced and their reviews. NTIS

The Ada Developer’s Supplement to the Recommended Approach, SEL-81-305SP1, was
published under separate cover in November 1993. This document is a collection of guide-
lines for programmers and managers who are responsible for the development of flight
dynamics applications in Ada. It provides additional detail on such topics as reuse, object-
oriented analysis, and object—oriented design.

The previous versions of this document were Standard Approach to Software Development,
SEL-81-005, V. E. Church, F. E. McGarry, and G. Page, September 1981; Recommended Approach to
Software Development, SEL-81-105, S. Eslinger, F. E. McGarry, and G. Page, May 1982; and Recom-
mended Approach to Sofiware Development, SEL-81-205, F. E. McGarry, G. Page, S. Eslinger, et al.,
April 1983.
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3.2 Manager’s Handbook for Software Development (Revision 1),
SEL-84-101, L. Landis, F. McGarry, S. Waligora, et al.,
November 1990, 91 pages

This document presents methods and aids for the management of software development
projects. The recommendations are based on analyses and experiences of the SEL with flight
dynamics software development. The management aspects of the following subjects are
described:

®  Organizing the project

®  Producing a development plan

®  Estimating costs

®  Scheduling

e  Staffing

®  Preparing deliverable documents
e  Using management tools

®  Monitoring the project

e  Conducting reviews

®  Auditing
®  Testing
®  Certifying

Revision 1 contains extensive updates, including additional material on management metrics
and revisions to cost estimation factors, document contents, and testing procedures. NTIS

The previous version of this document was Manager’s Handbook for Software Development,
SEL-84-001, W. W, Agresti, F. E. McGarry, D. N. Card, et al., April 1984,
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3.3 Programmer’s Handbook for Flight Dynamics Software
Development, SEL-86-001, R. Wood and E. Edwards, March
1986, 272 pages

Specific procedures, standards, and styles are provided as recommended guidelines for
programmers’ use during the detailed design and implementation phases of flight dynamics
software development. Brief descriptions of the other life-cycle phases are included for
reference and context. N7IS

3.4 Software Verification and Testing, SEL-85-005, D. N. Card,
C. Antle, and E. Edwards, December 1985, 64 pages

General procedures for software verification and validation are provided as a guide for
managers, programmers, and analysts involved in software development. The verification
and validation procedures described are based primarily on testing techniques. Testing refers
to the execution of all or part of a software system for the purpose of detecting errors.
Planning, execution, and analysis of tests are outlined in this document. Code reading and
static analysis techniques for software verification are also described. NTIS

3.5 Product Assurance Policies and Procedures for Flight Dynamics
Software Development, SEL-87-011, S. Perry et al., March 1987,
106 pages

The product assurance policies and procedures necessary to support flight dynamics soft-
ware development projects for Goddard Space Flight Center are presented. The quality
assurance and configuration management methods and tools for each phase of the software
development life cycle are described, from requirements analysis through acceptance test-
ing. Maintenance and operation are not addressed. CASI!

3.6 C Style Guide, SEL-94-003, J. Doland and J. Valett, August 1994,
101 pages

The C Style Guide discusses recommended practices and style for programmers using the C
language in the Flight Dynamics Division environment. Guidelines are based on generally
recommended software engineering techniques, industry resources, and local convention.
The Guide offers preferred solutions to common C programming issues and illustrates these
solutions through examples of C code. SEB

1This document supersedes Configuration Management and Control: Policies and Procedures,
SEL-84-002, Q. L. Jordan and E. Edwards, December 1984.
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Section 4—Software Tools

4.1 FORTRAN Static Source Code Analyzer Program (SAP) System
Description (Revision 1), SEL-82-102, W. A. Taylor and
W. J. Decker, April 1985, 217 pages

This document presents the FORTRAN Static Source Code Analyzer Program (SAP) Sys-
tem Description (Revision 1). SAP is a software tool designed to assist SEL personnel in
conducting studies of FORTRAN programs. SAP scans FORTRAN source code and pro-
duces reports giving statistics and measures of statements and structures that make up a
module. The document describes the processing performed by SAP; the routines, COM-
MON blocks, and files used by SAP; and the SAP system generation procedure.

This document follows the SAP tool specifics on the VAX-11/780, Version 3. The IBM 4341
is the batch Version 3. Departures from the VAX-11/780 version are noted. The PDP-11/70
version is an older version and is presented in SEL-82-002, FORTRAN Static Source Code
Analyzer Program (SAP) System Description, August 1982. SEB!

4.2 FORTRAN Static Source Code Analyzer Program (SAP) User’s
Guide (Revision 3), SEL-78-302, W. J. Decker and W. A. Taylor,
July 1986, 145 pages

This document presents the FORTRAN Static Source Code Analyzer Program (SAP) User’s
Guide (Revision 3). SAP is a software tool designed to assist SEL personnel in conducting
studies of FORTRAN programs. SAP scans FORTRAN source code and produces reports
that present statistics and measures of statements and structures that make up a module. The
document provides instructions for operating SAP and contains information useful in inter-
preting SAP output. It is a revision of the previous SAP user’s guide, SEL-78-202, and is the
result of integrating SAP into the Software Development Environment (SDE). CASI?

! The previous version of this document was FORTRAN Static Source Code Analyzer Program (SAP)
System Description, SEL-82-002, W. J. Decker and W. A. Taylor, August 1982.

2 The previous versions of this document were FORTRAN Static Source Code Analyzer Program (SAP)
User’s Guide, SEL-78-002, E. M. O’Neill, S. R. Waligora, C. E. Goorevich, et al., February 1978;
FORTRAN Static Source Code Analyzer Program (SAP) User’s Guide (Revision 1), SEL-78-102, W.
J. Decker and W. A. Taylor, September 1982; and FORTRAN Static Source Code Analyzer Program
(SAP) User’s Guide (Revision 2), SEL-78-202, W. J. Decker and W. A. Taylor, April 1985.
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4.3 Flight Dynamics System Software Development Environment
(FDS/SDE) Tutorial, SEL-86-003, J. C. Buell and P. 1. Myers,
July 1986, 137 pages

The Flight Dynamics System Software Development Environment (FDS/SDE) is an inter-
active tool for developing software in the flight dynamics environment. It uses a menu-driv-
en, fill-in-the-blanks format that permits the developer to input, edit, compile, link, and
execute software. Online help is provided at all steps, minimizing training time to use the
tool. This document provides the steps for a sample development scenario using the FDS/
SDE, presenting sample displays and user responses. NTIS

4.4 Software Management Environment (SME) Concepts and
Architecture (Revision 1), SEL-89-103, R. Hendrick, D. Kistler,
and J. Valett, September 1992, 94 pages

This document presents the concepts and architecture of the Software Management Environ-
ment (SME), developed for the Software Engineering Branch (Code 552) of the Flight
Dynamics Division of GSFC. The SME provides an integrated set of experience-based
management tools that can assist software development managers in managing and planning
flight dynamics software development projects. This document provides a high-level de-
scription of the types of information required to implement such an automated management
tool, and it presents an architectural framework in which a set of management services can be
provided. NTIS!

1 The previous version of this document was Software Management Environment (SME) Concepts and
Architecture, SEL-89-003, W. Decker and J. Valett, August 1989.
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4.5 “Towards Automated Support for Extraction of Reusable
Components,” S. K. Abd-El-Hafiz, V. R. Basili, and G. Caldiera,
Proceedings of the IEEE Conference on Software
Maintenance—1991 (CSM 91), October 1991, 8 pages

Successful reuse can increase quality and productivity; however, several problems still limit
reuse. Existing software models are not designed to benefit from or support reuse. They
should be replaced with models that take advantage of reuse, introduce more reusable
resources, and overcome existing reuse limitations. This paper presents, in detail, the fea-
tures of extracting reusable components in the framework of the experience factory. It
discusses an existing reuse-oriented process model to aid in component extraction. The paper
then introduces a system, Computer-Aided Reuse Engineering (CARE), which has been
designed to support the proposed process model. The system has two parts: a component
identifier, which uses software metrics; and a component qualifier. The paper focuses on the
component qualifier, which generates formal specifications and a significant set of test cases
and packages them for future use. A prototype tool, the CARE Functional Specification
Qualifier (FSQ), aids in understanding programs by using Mills’ functional model of cor-
rectness to derive their specifications. It can be applied to complete programs or fragments.
The formal foundation and implementation of the tool are discussed. The paper concludes
with an example to demonstrate an operational scenario of the tool. JAO!

4.6 Software Managment Environment (SME) Installation Guide,
SEL-92-001, D. Kistler and K. Jeletic, January 1992, 42 pages

This document contains installation information for the Software Management Environment
(SME), developed for the Software Engineering Branch (Code 552) of the Flight Dynamics
Division of GSFC. The SME provides an integrated set of management tools that can be used
by software development managers in their day-to-day management and planning activities.
This document provides a list of hardware and software requirements as well as detailed
installation instructions and troubleshooting information. SEB

1This technical paper also appears in SEL-92-003, Collected Software Engineering Papers: Volume X,
November 1992
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4.7 “Automated Support for Experience-Based Software
Management,” J. D. Valett, Proceedings of the Second Irvine
Software Symposium (ISS ’92), March 1992, 19 pages

To manage a software development project effectively, the software manager must have
access to key information concerning a project’s status. This information includes not only
data relating to the project of interest, but also the experience of past development efforts
within the environment. This paper describes the concepts and functionality of a software
management tool, the Software Management Environment (SME), which is designed to
provide this information. This tool enables the software manager to

®  compare an ongoing development effort with previous efforts and with models of
the “typical” project within the environment

e  predict future project status
¢  analyze a project’s strengths and weaknesses
®  assess the project’s quality
To provide these functions, the tool utilizes a vast corporate memory that includes
®  adatabase of software metrics

®  asetof models and relationships that describe the software development environ-
ment

®  asetofrules that capture other knowledge and the experience of software manag-
ers within the environment

Because it integrates these major concepts into one software management tool, the SME is a
model of the type of management tool needed for all software development organizations.
JAO

This technical paper also appears in SEL-92-003, Collected Software Engineering Papers: Volume X,
November 1992.
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4.8 Software Management Environment (SME) Components and
Algorithms, SEL-94-001, R. Hendrick, D. Kistler, and J. Valett,
February 1994, 242 pages

This document presents the components and algorithms of the Software Management Envi-
ronment (SME), a management tool developed for the Software Engineering Branch
(Code 552) of the Flight Dynamics Division (FDD) of the Goddard Space Flight Center
(GSFC). The SME provides an integrated set of visually oriented experienced-based tools
that can assist managers in planning and managing software development projects. This
document describes and illustrates the analysis functions that underlie the SME’s project
monitoring, estimation, and planning tools. SME Components and Algorithms is a
companion reference to SME Concepts and Architecture (4.4), and Software Engineering
Laboratory (SEL) Relationships, Models, and Management Rules (6.32). SEB

10022384L 4-5






Section 5—Software Models

5.1  Applicability of the Rayleigh Curve to the SEL Environment,
SEL-78-007, T. E. Mapp, December 1978, 27 pages

This document reviews the resource utilization model for software development, which is
based on the Rayleigh curve developed by Norden and Putnam. A Rayleigh curve is fit to
data provided by the SEL. Parabolas, trapezoids, and straight lines are also fit to the same
data. The parabola and trapezoid give about as good a fit as the Rayleigh curve. Therefore,
this document concludes that although the Rayleigh curve may be an appropriate model for
resource expenditures, it is not necessarily the best model for small to medium size projects.
CASI

5.2 “Resource Estimation for Medium-Scale Software Projects,”
M. V. Zelkowitz, Proceedings of the Twelfth Conference on the
Interface of Statistics and Computer Science. New York: IEEE
Computer Society Press, 1979, 6 pages

This technical paper describes the analysis of resource estimation techniques that is being
performed by the SEL. The data used in the analysis are collected from medium-scale flight
dynamics software development projects at GSFC. A procedure to forecast accurately the
cost and development time of these projects would be a valuable management tool in this
environment. This paper documents a specific at tempt to verify the resource estimation
model based on the Rayleigh curve that was developed by Norden and Putnam. JAO!

1 This technical paper also appears in SEL-82-004, Collected Software Engineering Papers: Volume I,
July 1982.
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5.3 The Software Engineering Laboratory: Relationship Equations,
SEL-79-002, K. Freburger and V. R. Basili, May 1979, 67 pages

This document presents the results of an analysis of several factors affecting software
development. The analysis was based on data collected by the SEL. Relationships among the
following measures were studied:

e  Total effort (staff-months)

® Lines of delivered code (thousands)
®  Lines of developed code (thousands)
®  Percentage of developed code

e  Number of modules

®  Number of developed modules

®  Percentage of developed modules

®  Project duration (months)

®  Pages of documentation

®  Productivity

®  Average staff size

Estimating equations were derived from the measures by statistical analysis and were then
compared with results obtained by Walston and Felix in a similar study. CAS/

This document was also issued as University of Maryland Technical Report TR-764.
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5.4  Tutorial on Models and Metrics for Software Management and
Engineering, SEL-80-008, V. R. Basili, 1980, 349 pages

This document is a tutorial on quantitative methods of soft ware management and engineer-
ing. A quantitative methodology is needed to evaluate, control, and predict software devel-
opment and maintenance costs. This quantitative approach allows cost, time, and quality
tradeoffs to be made in a systematic manner. The tutorial focuses on numerical product-ori-
ented measures such as size, complexity, and reliability and on resource-oriented measures
such as cost, schedules, and resources. Twenty articles from software engineering literature
are reprinted in this document. The articles are organized into the following sections:

®  Resource models

e  Changes and errors
e  Product metrics

e  Data collection

Successful application of these techniques, however, requires a thorough knowledge of the
project under development and any assumptions made. Only then can these techniques
augment good managerial and engineering judgment. JAO!

5.5 “Models and Metrics for Software Management and
Engineering,” V. R. Basili, ASME Advances in Computer
Technology, January 1980, Vol. 1, 12 pages

This technical paper attempts to characterize several quantitative models and measures of the
software development process. These models and measures deal with various aspects of the
software process and product, including resource estimation, complexity, reliability, and
size. The relationship of these models and measures to the software development life cycle is
also discussed. Finally, the extent to which the various models have been applied in produc-
tion environments and the success they have achieved is indicated. JAO?

1'This document was published as the IEEE tutorial, Models and Metrics for Software Management and
Engineering. New York: IEEE Computer Society Press, 1980.

2This technical paper also appears in SEL-82-004, Collected Software Engineering Papers: Volume I,
July 1982.
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5.6 A Study of the Musa Reliability Model, SEL-80-005,
A. M. Miller, November 1980, 94 pages

This document describes a study in which the Musa reliability model was applied to three
software projects developed for GSFC, with the goal of determining whether the model
could be used in the flight dynamics environment as a software management tool. One
purpose of the model is to predict the total number of errors in a piece of software undergoing
testing. Actual times between failures and their associated runtimes were fitted to the Musa
equation in an iterative procedure. Of the three projects studied, the results for one converged
to a value 25 percent higher than the actual number of errors; the other two did not converge
at all.

The document discusses the assumptions underlying the model and evaluates the character-
istics of the environment that could affect these assumptions. Suggestions are offered about
changes that could be made in the environment to better meet the assumptions. CASI!

5.7 An Appraisal of Selected Cost/Resource Estimation Models for
Software Systems, SEL-80-007, J. F. Cook and F. E. McGarry,
December 1980, 41 pages

This document presents the results of an evaluation and comparison of seven cost/resource
estimation models based on SEL data. The following models were considered:

® Doty
e  Walston/Felix

e  Tecolote

e GRC
e SLIM
e PRICE S3

® SEL Meta-Model

The validity of the theoretical bases of these models was not analyzed. The objective of the
appraisal was simply to determine how well SEL data conformed to the predictions of
various models. NTIS?

1 This document was originally prepared as a Master’s Thesis at the University of Maryland.
2 This document was also issued as Goddard Space Flight Center document X-582-81-1.
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5.8 “A Meta-Model for Software Development Resource
Expenditures,” J. W. Bailey and V. R. Basili, Proceedings of
the Fifth International Conference on Software Engineering.
New York: IEEE Computer Society Press, 1981, 10 pages

This technical paper describes an effort to produce a model of software development re-
source expenditures that can be generalized to a number of situations. Many models have
been proposed over the last several years. However, experience has shown that differences in
the data collected, types of projects developed, and environmental factors limit the transport-
ability of these models from one organization to another. This conclusion is reasonable
because a model developed in any given environment will reflect only the impact of factors
that have a variable effect in that environment. Factors that are constant in that environment
(and therefore do not affect productivity) may have different or variable effects in another
environment.

This paper describes a model-generation process that permits the development of a resource
estimation model for any particular organization. The process provides the capability to
produce a model that is tailored to the organization and can be expected to be more effective
than any model originally developed for another environment. The model is demonstrated
here using data collected by the SEL at GSFC. JAO!

5.9 “Can the Parr Curve Help With Manpower Distribution and
Resource Estimation Problems?” V. R. Basili and J. Beane,
Journal of Systems and Software, February 1981, Vol. 2, No. 1,

11 pages

This technical paper analyzes the resource utilization model developed by Parr. The curve
predicted by the model is compared with several other curves, including the Rayleigh curve,
a parabola, and a trapezoid, with respect to how well they fit manpower utilization. The
evaluation is performed for several flight dynamics projects of the 6- to 12-man-year effort
range that were studied by the SEL.

The conclusion drawn is that the Parr curve can be made to fit the data better than the other
curves. However, because of the noise in the data, it is difficult to confirm the shape of the
manpower distribution from the data alone; therefore it is difficult to validate any particular
model. Moreover, since the parameters used in the curve are not easily calculable or estima-
ble from known data, the curve is not effective for resource estimation. JAO?

1 This technical paper also appears in SEL-82-004, Collected Software Engineering Papers: Volume I,
July 1982.

2This technical paper also appears in SEL-82-004, Collected Software Engineering Papers: Volume I,
July 1982.
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5.10 The Rayleigh Curve as a Model for Effort Distribution
Over the Life of Medium Scale Software Systems, SEL-81-012,
G. O. Picasso, December 1981, 153 pages

This document discusses some of the factors affecting the accuracy of resource models
applied to medium-scale software systems. Putnam has shown that the Rayleigh curve is an
adequate model for the life-cycle effort distribution of large-scale systems. Previous inves-
tigations of the applicability of this model to medium-scale software development efforts
have met with mixed results. The results of the earlier investigations are confirmed in this
analysis. The reasons for the failure of the models are found in the subcycle (phase) effort
data. There are four contributing factors: uniqueness of the environment studied, the influ-
ence of holidays, varying management techniques, and differences in the data
studied. SEB!

5.11 “Comparison of Regression Modeling Techniques for Resource
Estimation,” D. N. Card, Computer Sciences Corporation,
Technical Memorandum, November 1982, 21 pages

This technical memorandum presents the results of a study conducted to compare three
alternative regression procedures by examining the results of their application to one com-
monly accepted equation for resource estimation. Linear, log-linear, and nonlinear proce-
dures were considered. The memorandum summarizes the data studied, describes the
resource estimation equation, explains the regression procedures, and compares the results
obtained from the procedures. The regression procedures were evaluated with respect to
numerical accuracy, conceptual accuracy, and computational cost. This study is based on
data collected from 22 flight dynamics software projects studied by the SEL. SEB2

1This document was also issued as University of Maryland Technical Report TR-1186.

2This technical paper also appears in SEL-83-003, Collected Software Engineering Papers: Volume I,
November 1983.
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5.12 “Monitoring Software Development Through Dynamic
Variables,” C. W. Doerflinger and V. R. Basili, Proceedings of
the Seventh International Computer Software and Applications
Conference. New York: IEEE Computer Society Press, 1983,
30 pages

This paper summarizes the SEL document (SEL-83-106) of the same name. It describes
research conducted by the SEL on the use of dynamic variables as a tool for monitoring soft
ware development. The intent of the project, which examined several FORTRAN projects
with similar profiles, was to identify project-independent measures. The projects developed
serve similar functions, and because the projects are similar, some underlying relationships
exist that are invariant between the projects. These relationships, once well defined, may be
used to compare the development of different projects to determine whether they are evolv-
ing in the same way previous projects in this environment evolved. JAO!

5.13 Monitoring Software Development Through Dynamic Variables
(Revision 1), SEL-83-106, C. W. Doerflinger, November 1989,
116 pages

This document describes research conducted by the SEL on the use of dynamic variables as a
tool for monitoring software development. The intent of the project, which examined several
FORTRAN projects with similar profiles, was to identify project-independent measures.
The projects developed serve similar functions, and because the projects are similar, some
underlying relationships exist that are invariant between the projects. These relationships,
once well defined, may be used to compare the development of different projects to deter-
mine whether they are evolving in the same way previous projects in this environment
evolved. SEB?

1 This technical paper also appears in SEL-83-003, Collected Software Engineering Papers: Volume II,
November 1983, and as SEL-83-006, October 1983.

2 The previous version of this document was Monitoring Software Development Through Dynamic Vari-
ables, SEL-83-006, C. W. Doerflinger, November 1983. This document was originally prepared as
a Master’s Thesis at the University of Maryland.
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5.14 An Approach to Software Cost Estimation, SEL-83-001,
F. E. McGarry, G. Page, D. N. Card, et al., February 1984,

73 pages

This document describes the general procedures for software cost estimation in any environ-
ment. First, the basic concepts of work and effort estimation are explained, some popular
resource estimation models are reviewed, and the accuracy of resource estimates is investi-
gated. Next, general guidelines are presented for cost estimation throughout the software life
cycle. The sources of information and relevant parameters available during each phase cycle
are identified. Finally, a comprehensive software cost prediction procedure based on the
experiences of the SEL in the flight dynamics area and incorporating management expertise,
cost models, and historical data is provided. The methodology developed incorporates these
elements into a customized management tool for software cost prediction. NTIS!

S.15 “Finding Relationships Between Effort and Other Variables in
the SEL,” V. R. Basili and N. M. Panlilio-Yap, Proceedings of the
Ninth International Computer Software and Applications
Conference. New York: IEEE Computer Society Press, 1985, 7

pages

This study examines the relationship between effort and other variables for 23 SEL projects
that were developed for NASA/ GSFC. These variables fell into two categories: those that
can be determined in the early stages of project development and may therefore be useful ina
baseline equation for predicting effort in future projects, and those that can be used mainly to
characterize or evaluate effort requirements and thus enhance our understanding of the
software development process in this environment. Some results of the analyses are pres-
ented in this paper. JAO?

! This document was also issued as Computer Sciences Corporation document CSC/TM-83/6076.

2This technical paper also appears in SEL-85-003, Collected Software Engineering Papers: Volume III,
November 1985, and as University of Maryland Technical Report TR-1520, July 1985.
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5.16 “Experimentation in Software Engineering,” V. R. Basili, R. W.
Selby, Jr., and D. H. Hutchens, IEEE Transactions on Software
Engineering, July 1986, 11 pages

This paper presents a framework for analyzing most of the experimental work performed in
software engineering over the past several years. The framework of experimentation consits
of four phases of the experimentation process:

e Definition—Motivation, object, purpose, perspective, domain, and scope
®  Planning—Design, criteria, and measurement

®  Operation—Preparation, execution, and analysis

e  Interpretation—Interpretation context, extrapolation, and impact

The paper describes a variety of experiments in the framework and discusses their contribu-
tion to the software engineering discipline. Some useful recommendations for the applica-
tion of the experimental process in software engineering are included. JAO!

5.17 A Study on Fault Prediction and Reliability Assessment in the SEL
Environment, V. R. Basili and D. Patnaik, TR-1699, University of
Maryland, Technical Report, August 1986, 24 pages

This technical report presents an empirical study on fault estimation and prediction, predic-
tion of fault detection and correction effort, and reliability assessment in the SEL environ-
ment. Fault estimation using empirical relationships and fault prediction using curve-fitting
methods are investigated. Relationships between debugging efforts (fault detection and
correction effort) in different test phases are provided, to make an early estimate of future
debugging effort. The report concludes with the fault analysis, application of a reliability
model, and analysis of a normalized metric for reliability assessment and monitoring during
software development. SEB?

1 This technical paper also appears in SEL-86-004, Collected Software Engineering Papers: Volume IV,
November 1986.

2 This technical paper also appears in SEL-86-004, Collected Software Engineering Papers: Volume IV,
November 1986.
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5.18 “Resolving the Software Science Anomaly,” D. N. Card and
W. W. Agresti, Journal of Systems and Software, 1987, 6 pages

This study reexamines one basic relationship proposed by the Halstead theory, which ap-
pears to provide a comprehensive model of the program construction process: that between
estimated and actual program length. The results show that the apparent agreement between
these quantities is a mathematic artifact. Analyses of both Halstead’s own data and another
larger data set confirm this conclusion. Software science has neither a firm theoretical nor an
empirical foundation. JAO!

5.19 “Tailoring the Software Process to Project Goals and Environ-
ments,” V. R. Basili and H. D. Rombach, Proceedings of the 9th
International Conference on Software Engineering, March 1987,

12 pages

This paper presents a methodology for improving the software process by tailoring it to the
specific project goals and environment. This improvement process is aimed at the global
software process model as well as methods and tools supporting that model. The basic idea is
to use defect profiles to help characterize the environment and evaluate the project goals and
the effectiveness of methods and tools in a quantitative way. The improvement process is
implemented iteratively by setting project improvement goals, characterizing those goals
and the environment, in part, via defect profiles in a quantitative way, choosing methods and
tools fitting those characteristics, evaluating the actual behavior of the chosen set of methods
and tools, and refining the project goals based on the evaluation results. All these activities
require analysis of large amounts of data and therefore require support by an automated tool.
Such a tool—Tailoring A Measurement Environment (TAME )—is currently being
developed. JAO?

1'This technical paper also appears in SEL-87-009, Collected Software Engineering Papers: Volume V,
November 1987. '

2This technical paper also appears in SEL-87-009, Collected Software Engineering Papers: Volume V,
November 1987.
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5.20 Guidelines for Applying the Composite Specification Model (CSM),
SEL-87-003, W. W. Agresti, June 1987, 37 pages

This document provides guidelines for applying the Composite Specification Model (CSM),
an approach to representing software requirements, and for developing each of the three
descriptive views of the software:

®  The contextual view, using entities and relationships
®  The dynamic view, using states and transitions

¢  The functional view, using data flows and processes

Using CSM results in a software specification document, which is outlined in this document.
CASI

5.21 A Meta Information Base for Software Engineering, L. Mark and
H. D. Rombach, TR-1765, University of Maryland, Technical
Report, July 1987, 34 pages

This paper proposes ameta model and a graphical notation for specifying software engineer-
ing processes and products. This meta model leads to the view that a software engineering
information base needs to support the storage and retrieval of process and product descrip-
tions as well as all data related to the executions of process descriptions and the actual
instances of product descriptions generated during the course of a software engineering
project. A meta schema for information bases is presented that allows the authors to deal with
this type of information in a natural way. In addition, software engineering information bases
need to be adaptable to changing process and product descriptions based on changing project
goals and characteristics of the project environment and the organization. The meta schema
of an information base allows for the generation of a customized information base for a given
set of processes and products specified according to the software engineering meta model.
The idea for this research originated in the TAME project at the University of Maryland
aiming at the development of a measurement, feedback, and planning environment. Current-
ly, the authors have implemented a first prototype information base as part of the prototype
TAME system customized to the specific needs of the NASA/SEL environment. The schema
of this first prototype was defined by hand and is implemented on a relational database
system. Developing the idealized information base for software engineering requires more
research in the areas of software engineering and databases. In the area of software engineer-
ing, the authors need to improve their understanding of the software process and product in
order to be able to construct more formal specifications; in the area of databases, they need to
develop a database technology for properly mirroring the specific engineering concepts,
including self-adaptability. SEB! .

1This technical paper also appears in SEL-87-009, Collected Software Engineering Papers: Volume V,
November 1987.
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5.22 “Generating Customized Software Engineering Information Bases
from Software Process and Product Specifications,” L. Mark and
H. D. Rombach, Proceedings of the 22nd Annual Hawaii Interna-
tional Conference on System Sciences, January 1989, 9 pages

This paper presents the information base oriented part of the “Meta Information Base for
Software Engineering” project at the University of Maryland. The idea of this project is to
generate customized software engineering information bases from formal specifications of
software engineering processes and products. The generator approach acknowledges the fact
that software engineering changes not only from environment to environment but also from
project to project. If an information base is expected to truly mirror and support a given
software engineering project, it needs to be tailorable to the changing characteristics of the
software project itself. The generator bases approach suggested by this project seems to be
the natural approach to satisfy this important need. This paper discusses how to represent a
set of software process and product type specifications in a database and how to use these to
automatically generate database support for process executions and product in
stances. JAO!

5.23 “Software Process and Product Specifications: A Basis for
Generating Customized SE Information Bases,” H. D. Rombach
and L. Mark, Proceedings of the 22nd Annual Hawaii International
Conference on System Sciences, January 1989, 10 pages

This paper presents the software engineering oriented part of the “Meta Information Base for
Software Engineering” project at the University of Maryland. The aim of this project is to
generate customized software engineering information bases from formal specifications of
software engineering processes and products. Systematic improvement of software pro-
cesses and products, learning about software engineering approaches and reusing software
engineering related experience cannot be achieved without having a specification of the
objects to be improved. This paper discusses general requirements for software process
specification languages, presents a first prototype software process specification language,
demonstrates the application of this language, and derives software engineering related
requirements for a supporting information base. The actual efforts aimed at implementing
these information base requirements are briefly mentioned in the conclusion. JAO?

1This technical paper also appears in SEL-88-002, Collected Software Engineering Papers: Volume VI,
November 1988.

2 This technical paper also appears in SEL-88-002, Collected Software Engineering Papers: Volume VI,
November 1988.
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5.24 Characterizing Resource Data: A Model for Logical Association of
Software Data, D. R. Jeffery and V. R. Basili, TR-1848, University
of Maryland, Technical Report, May 1987, 35 pages

This paper presents a conceptual model of software development resource data. A conceptu-
al model, such as this, is a prerequisite to the development of integrated project sup port
" environments that aim to assist in the processes of resource estimation, evaluation, and
control. The model proposed is a four-dimensional view of resources that can be used for
resource estimation, utilization, and review. A process model is presented showing the use of
the data model, and instances of the goal, question, metric paradigm are presented to show
the applicability of the models to the measurement task. The model is validated by reference
to published literature on resource databases, and the implications of the model in these
database environments are discussed. SEB1

5.25 Towards a Comprehensive Framework for Reuse: A Reuse Enabling
Software Evolution Environment, V. Basili and H. Rombach,
- TR-2158, University of Maryland, Technical Report,
December 1988, 23 pages

This paper motivates and outlines the scope of a comprehensive framework for understand-
ing, planning, evaluating, and motivating reuse practices and the necessary research activi-
ties. As a first step toward such a framework, a reuse enabling software evolution
environment model is introduced, which provides a basis for the effective recording of
experience, the generalization and tailoring of experience, the formalization of experience,
and the (re)use of experience. SEB?

1This technical paper also appears in SEL-87-009, Collected Software Engineering Papers: Volume V,
November 1987.

2This technical paper also appears in SEL-87-009, Collected Software Engineering Papers: Volume V,
November 1987.
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5.26 Maintenance = Reuse-Oriented Software Development, V. Basili,
TR-2244, University of Maryland, Technical Report, May 1989,
12 pages

This paper views maintenance as a reuse process and, in this context, discusses a set of
models that can be used to support the maintenance process. It presents a high-level reuse
framework that characterizes the object of reuse, the process for adapting that object for its
target application, and the reuse object within its target application. Based on this frame-
work, a qualitative comparison is presented of the three maintenance process models, with
regard to their strengths and weaknesses, and the circumstances in which they are appropri-
ate. Providing a more systematic, quantitative approach for evaluating the appropriateness of
the particular maintenance model, a measurement scheme, based on the reuse framework, is
presented in the form of an organized set of questions that need to be answered. A set of reuse
enablers is discussed to support the reuse perspective. SEB!

5.27 Software Development: A Paradigm for the Future, V., Basili,
TR-2263, University of Maryland, Technical Report, June 1989,
29 pages

This paper offers a new paradigm for software development that treats software development
as an experimental activity. The paradigm provides built-in mechanisms for learning how to
better develop software and for reusing experience in the forms of knowledge, processes, and
products. Models and measures are used to aid in characterization, evaluation, and motiva-
tion. An organization scheme is proposed for separating the project-specific focus from the
organization’s learning and reuse focuses of software development. The paper discusses the
implications of this approach for corporations, research, and education and presents some
research activities currently underway at the University of Maryland that support this
approach. SEB?

1 This technical paper also appears in SEL-89-006, Collected Software Engineering Papers: Volume VII,
November 1989.

2This technical paper also appears in SEL-89-006, Collected Software Engineering Papers: Volume VII,
November 1989.
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5.28 Towards a Comprehensive Framework for Reuse: Model-Based
Reuse Characterization Schemes, V. Basili and H. Rombach,
TR-2446, University of Maryland, Technical Report, April 1990,
33 pages

This technical report discusses the key role of reuse in enabling the software industry to
achieve the dramatic improvements in productivity and quality required to meet growing
demands. Starting from assumptions about both software reuse and the software develop-
ment process, it develops the characteristics required of successful reuse models. The report
examines state-of-the-art reuse characterization schemes to evaluate how well they meet the
required characteristics. It then defines a model-based reuse characterization scheme, dem-
onstrates the applicability of the scheme by applying it to three reuse scenarios, and, finally,
presents a reuse-oriented software environment model. SEB!

5.29 “Viewing Maintenance as Reuse-Oriented Software
Development,” V. Basili, IEEE Software, January 1990, 7 pages

This technical paper examines software maintenance as reuse-oriented development. It
presents several maintenance models, culminating with a full-reuse model. The paper
introduces a framework for reuse and compares the maintenance models and their applica-
tion in the reuse framework. It concludes with a discussion of support mechanisms that
enable reuse, including the goal/question/metric improvement paradigm. JAO?

5.30 “Software Reuse: A Key to the Maintenance Problem,”
H. D. Rombach, Butterworth Journal of Information and
Software Technology, January/February 1991, 7 pages

This paper describes software maintenance, points out that maintenance is inherently reuse
oriented, and identifies some crucial maintenance problems. It then discusses similar prob-
lems in the area of software reuse, presents a comprehensive framework that has been
proposed to address the reuse problems, and suggests how software maintenance may benefit
by adopting a reuse-oriented framework. The paper concludes with an overview of reuse-
related research at the University of Maryland. JAO?

1This technical paper also appears in SEL-90-005, Collected Software Engineering Papers:
Volume VIII, November 1990.

2This technical paper also appears in SEL-90-005, Collected Software Engineering Papers:
Volume VIII, November 1990.

3This technical paper also appears in SEL-91-005, Collected Software Engineering Papers:
Volume IX, November 1991.
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531 “Support for Comprehensive Reuse,” V. R. Basili and
H. D. Rombach, Software Engineering Journal, September 1991,

14 pages

This paper presents a comprehensive framework for reuse consisting of a reuse model, a
model-based characterization scheme, and the Tailoring A Measurement Environment
(TAME) model describing the integration of reuse into the software development process.
Three hypothetical reuse scenarios—generic Ada packages (product reuse), design inspec-
tions (process reuse), and cost models (knowledge reuse)—are used to illustrate the approach
and applicability of the proposed model and characterization scheme.

A number of assumptions regarding software development in general and reuse in particular
have resulted from more than 15 years of analyzing software processes and products. These
assumptions have led to the identification of four requirements essential for any useful reuse
model and related characterization scheme. The paper identifies several existing reuse
models and characterization schemes and illustrates that they only partially satisfy the
requirements. A new reuse model that satisfies all the requirements is introduced and refined
to derive a scheme for characterizing reuse candidates, reuse needs, and the reuse process.
According to the proposed model, effective reuse requires an environment that supports
continuous improvement. The remainder of the paper discusses the reuse-oriented model
proposed by the TAME, compares the TAME model with the proposed reuse model, de-
scribes mechanisms for effective reuse in the context of the TAME model, and discusses
aspects of the TAME research prototypes. JAO

This technical paper also appears in SEL-91-005, Collected Sofiware Engineering Papers: Volume IX,
November 1991, and as University of Maryland Technical Report TR-2606, Februrary 1991.
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5.32 “A Reference Architecture for the Component Factory,”
V. R. Basili, G. Caldiera, and G. Cantone, ACM Transactions on
Software Engineering and Methodology, January 1992, 28 pages

This paper explores an approach for increasing the quality and productivity of software
development through reuse that expands on the traditional reuse of code to the reuse of
software objects, their relationships, and associated experience. For reuse to be easy and
effective, an organizational structure is needed that is flexible and allows continuous im-
provement. This paper proposes an organizational framework that separates project-specific
activities into a project organization and reuse packaging activities into an experience
factory; these two groups interact, but their methods and tools are independent. The experi-
ence factory is further divided into subgroups: the domain factory and the component
factory. The component factory provides reusable software components (RSCs) to projects
upon demand and creates and maintains a repository of those components for future use. An
RSC s defined to be not just code, but code packaged with everything necessary for its reuse
and maintenance in an application system. The organizational framework is represented by a
reference architecture using different levels of abstraction to obtain a flexible and evolution-
ary organizational design. This paper outlines a reference architecture and discusses the
instantiation process, a methodology for deriving a particular environment from the general
one. Some theoretical examples and a real case study are presented to illustrate the concept of
reference architecture and the instantiation methodology. JAO

This technical paper also appears in SEL-91-005, Collected Software Engineering Papers: Volume IX,
November 1991, and as University of Maryland Technical Report TR-2607, March 1991.
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5.33 A Pattern Recognition Approach for Software Engineering Data
Analysis, L. C. Briand, V. R. Basili, and W. M. Thomas, TR-2672,
University of Maryland, Technical Report, May 1991, 37 pages

Managing alarge-scale software development project requires the use of quantitative models
to provide insight from the historical data of similar projects. This paper identifies how such
models can be used to predict, understand, evaluate, and control the software development
process, and defines the requirements for an effective data analysis procedure. It discusses
the use of statistical analysis in the software engineering field and why the classical ap-
proaches do not meet most of the requirements for an effective data analysis procedure. The
paper presents a new approach, Optimized Set Reduction (OSR), which is based on pattern
recognition techniques tailored to the software engineering field and offers advantages that
overcome many of the problems associated with classical statistical analyses. It provides
experimental results to demonstrate the effectiveness of the OSR approach for cost estima-
tion modeling, discusses issues related to data analysis disturbances, and shows how an OSR
approach might deal with them. The paper also describes the Improvement Paradigm and
shows how the OSR performs with the learning and model refinement issues in the Improve-
ment Paradigm framework. Finally, this paper presents eight positive characteristics of OSR
that allow prediction, risk assessment, and quality evaluation, and identifies future research
directions for work on the OSR approach. SEB!

5.34 Software Engineering Laboratory (SEL) Cleanroom Process Model,
SEL-91-004, S. Green, November 1991, 74 pages

This document describes the Software Engineering Laboratory (SEL) cleanroom process
model. The model is based on data and analysis from previous cleanroom efforts within the
SEL and is tailored to serve as a guideline in applying the methodology to future software
production efforts. It describes the phases that are part of the process model life cycle from
the delivery of requirements to the start of acceptance testing. For each defined phase, a set of
specific activities is discussed, and the appropriate data flow is described. This document
also presents pertinent managerial issues, key similarities and differences between the SEL’s
cleanroom process model and the standard development approach used on SEL projects, and
significant lessons learned from prior cleanroom projects. It is intended that the process
model described in this document will be further tailored as additional SEL cleanroom
projects are analyzed. NTIS

1 This technical paper also appears in SEL-91-005, Collected Sofiware Engineering Papers: Volume IX,
November 1991.
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5.35 “The Software-Cycle Model for Re-Engineering and Reuse,”
J. W. Bailey and V. R, Basili, Proceedings of the ACM Tri-Ada 91
Conference, October 1991, 15 pages

This paper provides examples, using Ada, of techniques for choosing, re-engineering, and
recombining components into programs. It describes rudimentary methods for quantifying
the effort to extract reusable components from existing programs and the effort to recombine
them into new programs. The paper proposes the software-cycle model based on the cycle of
software development, use, re-engineering, and reuse. It is a structured model of information
identification and reuse that is both feasible and suitable for further development and
refinement. To support the process, three styles of software component reuse that are current-
ly being practiced are identified and examined for their adaptability to the model. These
styles are layered reuse, tailored reuse, and generated reuse. All three reuse methods are
described and examples of each are provided. As an example, a simple electronic mail
system, in Ada, is put through transformations to yield components that can be combined
using all three reuse methods. The paper concludes with a measurement summary and a
discussion of future work. JAO!

5.36 “On the Nature of Bias and Defects in the Software Specification
Process,” P. A. Straub and M. V. Zelkowitz, Proceedings of the
Sixteenth International Computer Software and Applications
Conference (COMPSAC 92), September 1992, 8 pages

Bias causes two effects in specifications: They are biased or they are incomplete for fear of
bias. A specification is considered biased if it contains extraneous or imposed requirements.
This paper presents a framework for multi-attribute specifications and discusses the problem
of bias in specifications. It describes a formula to analyze the correctness of a specification
with respect to a problem. The paper identifies and characterizes the subprocesses that occur
in the software specification and design process. It then introduces an explanatory model of
the specification and design process. The model describes the relative and unavoidable
nature of bias and distinguishes bias from designed and other requirements in a specification.
The model does not lead to any definite method to detect bias. While studying how bias is
introduced into a specification, the authors realized that software defects and bias are related
issues: they are both manifestations of either misconceptions with respect to the problem or
preconceptions with respect to the solution. The authors studied coding fault data collected
by the SEL. They concluded that many faults found during the coding phase have roots in the
specification process and that implementation bias plays an important role in faults related to
changes due to specification issues. JAO?

1 This technical paper also appears in SEL-92-003, Collected Software Engineering Papers: Volume X,
November 1992.

2 This technical paper also appears in SEL-92-003, Collected Software Engineering Papers: Volume X,
November 1992.
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5.37 “An Improved Classification Tree Analysis of High Cost Modules
Based Upon an Axiomatic Definition Of Complexity,” J. Tian,
A. Porter, and M. V. Zelkowitz, Proceedings of the Third IEEE
International Symposium on Software Reliability Engineering
(ISSRE 92), October 1992, 9 pages

Identification of high cost modules has been viewed as one mechanism to improve overall
system reliability, since such modules tend to produce more than their share of problems. A
decision tree model] has been used to identify such modules. In this paper, a previously
developed axiomatic model of program complexity is merged with the previously developed
decision tree process for an improvement in the ability to identify such modules. This
improvement has been tested using data from the SEL. JAO!

5.38 “Providing an Empirical Basis for Optimizing the Verification and
Testing Phases of Software Development,” L. C. Briand,
V. R. Basili, and C. J. Hetmanski, Proceedings of the Third IEEE
International Symposium on Software Reliability Engineering
(ISSRE 92), October 1992, 12 pages

Applying equal testing and verification effort to all parts of a software system is not very
efficient, especially when resources are limited and scheduling is tight. It is desirable to be
able to differentiate low and high fault density components so that testing and verification
effort can be concentrated where needed. This paper presents an alternative approach to the
standard statistical techniques for component classification (e.g., logistic regression). It
presents the basic principles of the Optimized Set Reduction (OSR) algorithm and a formal
definition of the OSR process. It discusses the issue of building models based on partial
information and suggests solutions to the problem of partial information within the OSR
framework. The paper then presents a process called “pattern merging”; the goal of this
process is to facilitate interpretation and learning based on generated models. It discusses
pattern interpretation rules and shows how pattern merging facilitates the identification of
high-risk components based on metrics obtainable at the end of the coding phase. The paper
describes an experiment using OSR and SEL data. The experiment used the OSR technique
to build classification models to provide an indication of the fault density of a component.
The experiment results indicate that it is possible to build useful models for assessing the
fault density of software components. JAO?

! This technical paper also appears in SEL-92-003, Collected Software Engineering Papers: Volume X,
November 1992.

2 This technical paper also appears in SEL-92-003, Collected Software Engineering Papers: Volume X,
November 1992.
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5.39 “A Classification Procedure for the Effective Management of
Changes During the Maintenance Process,” L. C. Briand and
V. R. Basili, Proceedings of the 1992 IEEE Conference on Software
Maintenance (CSM 92), November 1992, 12 pages

During software operation, maintainers are often faced with numerous change requests.
Given available resources such as effort and calendar time, changes have to be planned to fit
within budget and schedule constraints. This paper addresses the issue of assessing the
difficulty of a change based on known or predictable data. It should be considered a first step
toward constructing a predictive effort model for changes during the maintenance phase. The
paper proposes a modeling approach, based on regular statistical techniques, that can be used
in a variety of software maintenance environments. It involves four steps:

¢ Identify predictable metrics

e  Identify significant predictable metrics
®  Generate a classification function

e  Validate the model

This approach can be easily automated and is simple to use, even for people with limited
statistical experience. Moreover, it deals effectively with the uncertainty usually associated
with both model inputs and outputs. The modeling approach is validated on a data set
provided by the SEL which shows it has been effective in classifying changes with respect to
the effort involved in implementing them. Advantages of the approach are discussed, along
with recommendations for improving the data collection process. JAO